Background: Post-neonatal tetanus is an important problem. Prevention of tetanus in Nigeria is via immunization with three doses of Diphtheria-Pertussis-Tetanus (DPT)/Pentavalent vaccine at 6, 10 and 14 weeks. The anti-tetanus antibody levels of these children are not known after they had received DPT3/Pentavalent vaccines. Aim: This work was to determine the anti-tetanus antibody (IgG) response in Nigerian children aged six months to five years who had received three doses of DPT vaccine in early infancy. Methods: Children aged six months to five years who were attended to in the University of Calabar Teaching Hospital for acute illnesses were recruited. Their anti-tetanus IgG levels were measured using Enzyme Linked Immunosorbent Assay (ELISA). The optimal cut-off level of ≥0
Introduction
Tetanus is a potentially fatal, acute, vaccine-preventable disease caused by an exotoxin produced by the bacterium Clostridium tetani. It occurs worldwide but is endemic in developing countries and has continued to be a significant public health problem in resource-poor nations including Nigeria [1] [2] .
The World Health Organization (WHO) estimated a true global incidence of 700,000 to 1,000,000 cases of tetanus per year resulting in 61,000 deaths in 2008 [3] . In 2010, the body identified tetanus as the highest mortality contributor to children after measles among vaccine preventable diseases [4] . In 2012, six cases of tetanus were reported in the United Kingdom, 37 cases in the USA but 112 cases in Nigeria [5] . In 2013, there were 23 cases in the USA, none in South Africa but 556 cases in Nigeria [5] . Annually, tetanus causes 309,000 deaths [6] .
Post-neonatal tetanus caused 36,806 deaths in 2015 [7] .
Post neonatal tetanus is an important problem in Nigeria [8] [9] [10] [11] [12] . Most studies have recognized tetanus beyond the neonatal period as a problem of enormous consequence with high case fatality rate [10] [13] [14] , yet it is still seemingly disregarded and continues to afflict several children in this millennium [8] [12] [15] .
The WHO recommends administration of three doses of tetanus toxoid as routine immunisation programme to all infants and booster doses during adolescence and pregnancy in order to achieve elimination of tetanus in early childhood [16] . Many countries in sub-Saharan Africa are implementing this recommendation and have either attained the elimination of tetanus or made substantial progress towards achieving this goal but some are not [17] . In Nigeria, primary vaccination in the National Programme on Immunization (NPI) is positioned at 6 weeks, 10 weeks and 14 weeks with no booster doses given during at adolescence [18] .
The Paediatric Association of Nigeria (PAN) developed a more comprehensive National routine immunization schedule for the country and recommended it to the Government. They considered early exposure of Nigerian children to infection, low response to too early and short interval primary vaccination series and the greater need for boosting and recommended booster doses at 12 -15 months of age, 5 years of age and subsequently, every 10 years [19] . This is yet to be implemented and there is no data generated to provide evidence for the recommendation.
Immunization status has been normally evaluated from the immunization history reported by the caregiver/parent which may not be correct [20] serum anti-tetanus antibody levels provides scope for an objective analysis of tetanus immunity [22] .
Serological surveys have been strongly encouraged to appraise the impact of vaccination programs, improve immunization policies and reduce the disease burden [10] . The main outcome measure of this present study is the determination of anti-tetanus antibody titres in Nigerian children aged six months to sixty months who had received the complete schedule of primary vaccination according to the NPI schedule.
Subjects and Methods

Study Location
The study was carried out in 
Sample Size Determination
In a prospective study conducted by Orimadegun et al. [22] among 304 hospitalised children aged one to nine years in Ibadan, Oyo State, the prevalence of protective immunity against tetanus using enzyme-linked immunosorbent assay (ELISA) after three doses of DPT vaccine was 44.7% [22] . This prevalence rate was used in this study to derive the sample size of a minimum of 380 children.
Patient Recruitment and Selection Criteria
This study was conducted in the Department of Paediatrics, UCTH. The Department has four service sections: the Children Outpatient Clinic (CHOP), the Newborn Unit, the Children Emergency Room (CHER) and the Paediatric Ward. Well-nourished children (those with weight-for-height > −1, z-score > 90%) [23] between the ages of six months and five years who were attended to in CHOP, CHER and Ward for acute illnesses and had met the inclusion criteria were recruited. Immunization cards were inspected to identify those who had completed three doses of Diphtheria-Pertussis-Tetanus (DPT)/Pentavalent vaccine for final eligibility. The last date of DPT/Pentavalent vaccines was noted and blood samples were then taken for determination of IgG levels. Only well-nourished children with no past history of tetanus were recruited. Children with chronic illnesses were excluded. 
Ethical Issues
Informed Consent
Parents or guardians of children in the different paediatric wards were given a copy of the statement of the study which they read to gain a good understanding of the nature of the study. They had the unconditional option of giving or declining consent for participation of their child or ward. For parents that were not able to read, the researcher explained the nature of the study to them in details.
The screening form for eligibility was given to them to fill to select those eligible for the study. The non-negative consequences of withdrawing a child or ward from the study were elaborately explained to parents or guardians.
General Clinical Assessment of Subjects
Following informed consent obtained from parents or guardians, the child's bio-data and information on present illness, the past medical and immunisation history were obtained from the subjects by use of a semi-structured questionnaire. Immunization status was confirmed for each child by visualizing the card via physical presentation of the card at the clinic, social media presentation or home acquisition of the card. Those whose cards were unavailable were excluded.
Patient Preparation, Specimen Collection and Preservation
The specimen collection procedure was explained to the parents or guardians prior to venepuncture. Three millilitres (3 mls) of venous blood was obtained from each eligible child under aseptic procedure into a clean plain non-anticoagulated sample bottle and allowed to clot. The samples were transported in a cooler of ice to the paediatric side laboratory within one to two hours of collection. The clotted sample was centrifuged at 5000 rpm for five minutes.
The supernatant serum was separated and transferred to storage tubes and stored at −20˚C for maximum of a week before batch analysis. Labelling was done with coded numbers to avoid mistakes. The samples were analysed using an ELISA test kit (Tetanus toxin IgG, DRG International, Inc., Marburg, Germany) [24] . The kit was stored and preserved at a refrigerator temperature of 2˚C to 8˚C till completion of the study.
Interpretation of Results
The manufacturer kit-dependent protective antibody level using this assay was ≥0.1 IU/ml [24] .
Analytical Quality Control
The concentrations of anti-tetanus toxoid antibody in the negative and positive control sera were read from the calibration curve. Table 1 shows the differences in age groups between male and female participants. A total of 418 children aged 6 to 60 months participated in the study. Out of these 219 (52.4%) were males while 199 (47.6%) were females, giving a male:
Results
Socio-Demographic Characteristics of Study Participants
Age and Sex Distribution of Study Participants
female ratio of 1.1:1. The mean age of study participants was 24.7 ± 16.1 months.
The mean age of the male and female study participants were 24.2 months and 25.3 months respectively (t = 0.71; p > 0.05). Table 2 shows the mean antibody levels to tetanus toxin in subjects who had received three doses of DPT in early infancy. Overall, the mean value was 1.0 ± 0.9 IU/ml (Range: 0.0 to 4.1). The highest mean antibody level was among those aged 48 to 60 months while the lowest level was among the 12 to 23 months age group (p < 0.001). The mean antibody levels of males were higher than females but the difference was not statistically significant (p = 0.493). Table 3 shows the post hoc comparisons of the mean antibody levels according to age group. The children aged 24 to 35 months and 48 to 60 months had mean antibody levels significantly higher than that of lower age groups (p = 0.0001).
Mean Antibody Levels to Tetanus Toxin
Relationship between Sociodemographic Characteristics and
Stratified Anti-Tetanus Antibody Levels Antibody levels were empirically grouped into various concentrations viz.; <0.1 IU/ml, 0.1 to 0.5 IU/ml, >0.5 to 1.1 IU/ml and >1.1 to 5.0 IU/ml. Table 4 shows the number of study subjects who had antibody titres in the stated concentration ranges. Levels equal and above 0.1 IU/ml were accepted as protective while levels of lower titres were defined as non-protective. Of the 418 subjects, 400 (95.7%) had antibody levels above 0.1 IU/ml while 18 (4.3%) subjects had antibody levels below 0.1 IU/ml.
Proportion of Study Participants by Age Group with
Protective Levels of Antibody Figure 1 depicts the proportion of study participants by age group with protective antibody levels (≥0.1 IU/ml). All the proportions were above 90%. There was no consistent trend in the proportion of subjects with protective levels in relation to age. It reduced from a peak of 99%, minimally increased, reduced and finally increased in the older age group. The highest frequency of subjects with protective antibody levels was found in the infants and lowest among children aged 36 to 47 months. However, the difference in proportion was not statistically significant (p = 0.345).
Discussion
This study revealed that the proportion of subjects with protective anti-tetanus Figure 1 . Proportion of study participants by age group with protective levels.
antibody levels was 95.7% using the gold standard (ELISA) method. This prevalence is similar to 99.6% reported by Gergen et al. [25] among a group of Mexican American children aged 4 to 11 years. The prevalence was higher than the 44.7% reported by Orimadegun et al. [22] in Ibadan, south west Nigeria, among children aged 1 to 9 years. The higher proportion in the current study could be due to the fact that the subjects were younger and would not have experienced as [22] .
The study showed that the overall mean anti-tetanus antibody level of the children was above the optimal protective level of ≥0.1 IU/ml. The mean antibody level in each age group was also above the optimal cut-off. It is therefore apparent that three doses of tetanus toxoid received as primary vaccination in early infancy was sufficient to maintain adequate serum antibody levels in the age group studied. The eighteen children with suboptimal levels are at risk of tetanus. This may reflect the proportion of similarly affected children in the general population. It was not within the scope of the present study to investigate the reasons for low antibody levels in affected subjects. Considering that herd immunity is not relevant to tetanus, the target is to achieve protection of all vulnerable subjects. This is important while taking a decision on the introduction of booster doses.
The present study also showed that the highest mean antibody level was found in the older age group of 48 to 60 months. This may probably be due to subclinical exposure of the older age groups who are likely to ambulate more and sustain injuries.
Mean antibody levels and the pattern of the proportion of children with protective levels in the current study did not follow any progressive age-related trends as has been reported in earlier studies [8] [13] [26] [27] . It declined marginally, increased, declined and increased again. In spite of this lack of consistent trend, it is clear that the chances of having low tetanus antibody levels were least in infancy and highest in older under-5 children as a group. The explanation for the deviation from expected trend is not too obvious. It may be argued that the best evidence for assessing age-related trends in antibody levels should be from a longitudinal follow-up of a cohort of vaccinated subjects. A cross-sectional study such as the present one may give a fair representation but not necessarily a perfect age-related relationship.
It is pertinent to discuss the findings of the current study with respect to the need or otherwise for booster doses. Given the high percentage of children with protective antibody levels in late infancy, it is reasonable to suggest that there is no need for a booster during this period of life. While the proportion of subjects with suboptimal antibody levels increased in the second through the fifth year of life, more than 90% still had optimal levels. It would therefore also be difficult to support a recommendation of blanket booster doses of tetanus toxoid for this category. Multicentre, collaborative studies across the country would be necessary to get a nationally representative pattern. However, the decision to introduce or withhold booster doses should not be based on proportion of people with protective antibody levels alone. Since the benefits of herd immunity do not apply to tetanus, the aim should be to extend protection to every susceptible subject.
The present study showed that the proportion of children that were protected [12] . It may be argued that at face value, booster doses of tetanus toxoid are not required within five years of primary vaccination. However, the consequence of this argument is that those subjects with suboptimal levels will be unprotected, particularly as herd immunity does not apply to tetanus.
Conclusion
The anti-tetanus antibody response of study subjects to vaccination in early infancy was satisfactory as the overall proportion of the children with reliable protection was 95.7%. The mean antibody level was highest in the age group of 48 to 60 months. Infants constituted the highest proportion of children with protective antibody levels: 99% of infants had optimal levels. The problem of post-neonatal tetanus in Nigeria may be related more to non-immunization than antibody response to immunization.
Recommendations
The current national immunization schedule which includes three doses of tetanus toxoid received as primary vaccination in early infancy is adequate as it maintains serum antibody levels but should be strengthened to ensure universal coverage. Further studies are recommended in the older age group in view of the fact that tetanus immunity can last up to five years as seen in this study. This was a cross-sectional study and as such could not provide information as to the rate of decay of antibodies over time. This information can best be provided by a longitudinal study.
Limitation of Study
This was a cross-sectional study and as such could not provide information as to the rate of decay of anti bodies over time. In addition, it was a hospital based study and may therefore not necessarily represent the true picture of the general I wish to let you know that your child/ward has been selected to participate in a study titled, "Tetanus antibody levels in preschool Nigerian children after three doses of DPT immunization".
We want to find out if the level of antibody in your child/ward can protect your child/ward.
Every child selected to participate in this exercise will be examined by a doctor. Three millilitres of blood will be collected for this study from each child and this will cause a brief moment of pain. This study would help us identify children with non-protective levels and policy makers will be informed to know exactly when these children would require another vaccination after the third dose of DPT to reduce the incidence in the general population.
You are to freely decide whether your child/ward should participate in this exercise or not after reading/understanding the information provided in this sheet or the verbal explanation if you are unable to read. If you are unable to sign; your thumbprint will be obtained in lieu of your signature. Refusal to allow your child or ward participate in this exercise will not have a negative effect on the child or his care whatsoever.
Appendix IV
INFORMED CONSENT FORM VOLUNTARY PARTICIPATION: TETANUS ANTIBODY LEVELS IN PRESCHOOL NIGERIAN CHILDREN AFTER THREE DOSES OF
DIPHTHERIA-PERTUSSIS-TETANUS (DPT) IMMUNIZATION I --------------------------------------------------parent/guardian of ---------------------------------have carefully read
the information provided to me and fully understand all the points. I hereby consent to my child's/ ward's participation in the exercise. 
RESIDENTIAL ADDRESS: ----------------------------------------------------
Name of witness: ------------------------------------------------------
Witness's signature: --------------------------------------------------
